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Description
TECHNICAL FIELD TO WHICH THE INVENTION
BELONGS
The present invention relates generally to a valve
timing control apparatus that includes a timing change
mechanism for controlling the valve timing of the intake
valve or exhaust valve of an engine. More particularly,
this invention relates to a valve timing control apparatus
that continuously controls the valve timing in accordance with the running conditions of the engine.
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RELATED BACKGROUND ART

15
In the conventional engine with an ordinary structure, the intake valve and exhaust valve operate to selectively open or close respective air-intake and exhaust
passages, which are connected to the individual combustion chambers. Those valve timings are specifically 20
synchronous with the rotational phase of the crank shaft
and thus the timing of the up-and-down movement of
the pistons. Therefore, the intake amount into any one
of the combustion chambers and the exhaust amount
therefrom vary depending on the angle of a throttle valve 25
provided separately in the engine's air-intake passage,
or on the speed of the engine.
Various apparatuses are available that alter the
valve timing in order to control the intake and exhaust
amounts in the combustion chamber with a greater de- 30
gree of freedom. Such apparatuses include a variable
valve timing mechanism for changing the valve timing
and a computer for controlling the operation of the variable valve timing mechanism. This computer controls
the variable valve timing mechanism in accordance with 35
the running condition of the engine to control the valve
timing of the intake valve or the exhaust valve, thereby
controlling the degree of valve overlapping of the intake
valve and exhaust valve. Accordingly, the amount of the
mixture of air and fuel to be supplied to each combustion 40
chamber is controlled to optimize the air-fuel ratio of that
mixture so that the engine power and emissions are
properly adjusted.
When the engine speed is relatively high, for example, the computer controls the variable valve timing 45
mechanism so as to relatively increase the valve overlapping. Under this control, the efficiency of the supply
of air into the combustion chambers is enhanced by utilizing the inertia of the air that passes through the airintake passage, thus improving the engine power. When so
the engine speed is relatively low, on the other hand, the
computer controls the variable valve timing mechanism
so as to relatively decrease the valve overlapping. This
control prevents the exhaust gas, once discharged from
the combustion chambers, from flowing back to the 55
combustion chambers so that the exhaust gas remaining in the combustion chambers or the ratio of the internal EGR is reduced to prevent the miscombustion of the

2

2

air-fuel mixture.
Japanese Unexamined Patent Publication No. Hei
4-279705 discloses one example of such a valve timing
control apparatus. This apparatus is capable of changing the valve timing continuously and to the desired level
in accordance with the running condition of the engine.
As shown in Fig. 13, this apparatus has a cam position
sensor 91 to detect the rotational position of a cam shaft
92. A crank position sensor 93 detects the rotational position of a crank shaft 94. First and second hydraulic
pumps 95 and 96 pump out the oil of an oil pan 97. A
variable valve timing mechanism 98, provided at the
cam shaft 92, is hydraulically driven to change the rotational phase of the cam shaft 92. This mechanism 98
has a timing pulley 98a and incorporates a ring-shaped
piston and a transmission member (both unillustrated),
which couple the pulley 98a to the cam shaft 92. As the
piston is moved by the hydraulic pressure, the rotational
phase of the cam shaft 92 is changed. A hydraulic line
99 connects the second hydraulic pump 96 to the mechanism 98. First and second oil control valves (OCVs)
100 and 101 provided midway in the hydraulic line 99,
control the supply of the hydraulic pressure to the mechanism 98. An electronic control unit (ECU) 102 computes the rotational phase of the cam shaft 92, or the
target phase associated with the control of the valve timing, based on the value of the rotational speed of the
crank shaft 94 (engine speed). The ECU 102 detects
the actual phase of the valve timing based on the output
signals of both sensors 91 and 93. The ECU 102 compares the detected actual phase with the computed target phase to compute a change value to be used in altering the rotational phase of the cam shaft 92. Based
on this computed change value, the ECU 102 performs
duty control of the opening s of both OCVs 100 and 101.
Accordingly, the mechanism 98 is controlled to provide
the optimal valve timing in accordance with the running
condition of the engine 103.
To advance the valve timing from the current timing,
for instance, the ECU 102 fully closes the second OCV
101 and executes the duty control on the opening of the
first OCV 100 in accordance with the aforementioned
change value. When the value of a change in the rotational phase of the cam shaft 92 matches with the target
value, the ECU 102 fully closes both OCVs 100 and 101
to sustain the valve timing. This control allows the hydraulic line 99 to be tightly closed and maintains the value of a change in the rotational phase of the cam shaft
92, so that the valve timing of that instant is sustained.
When the oil leaks from somewhere in the hydraulic line
99, the valve timing may vary. In this respect, the ECU
102 controls both OCVs 100 and 101 while always detecting the valve timing to execute feedback control of
the valve timing. To retard the valve timing from the current timing, the ECU 102 fully closes the first OCV 100
and executes duty control on the opening of the second
OCV 101 in accordance with the change value. When
the value of a change in the rotational phase of the cam
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shaft 92 matches with the target value, the ECU 102 likemechanical restriction thereof. When learning control is
wise fully closes both OCVs 100 and 101 to retard the
adapted to the sustaining control, therefore, an inaccuvalve timing. This control maintains the value of a
rate learning value may be obtained in the learning control. Further, even if the learning value is updated in the
change in the rotational phase of the cam shaft 92, so
5 learning control, the actual phase of the valve timing
that the valve timing of that instant is sustained.
In this valve-timing sustaining control to sustain the
may not converge to the target phase. GB-A-2 272 960
valve timing to the target phase, the apparatus disclosed
discloses an apparatus as defined in the preamble of
in the aforementioned publication performs no control
claim 1.
to evaluate the control result and to learn a learning value for correcting the valve-timing sustaining control 10 DISCLOSURE OF THE INVENTION
based on the evaluation result. In other words, this prior
art lacks optimal learning control in the case where
Accordingly, it is a primary objective of the present
invention to provide a valve timing control apparatus for
learning control is adapted to the sustaining control.
The output characteristics of the mechanism 98,
an engine, which employs learning control in the valveboth OCVs 100 and 101, vary depending on their allow- 's timing sustaining control for correcting this sustaining
control to thereby ensure the elimination of the influence
ances or their time-dependent changes. The output
characteristics also vary depending on the running conof the allowances or time-dependent changes of the
dition of the engine 103. As the rotational speed of the
mechanisms of the apparatus on the sustaining control
and to execute the optimal learning control during the
engine 103 or the warm-up state thereof varies, the levels of the hydraulic pressures acquired by both pumps 20 period from the beginning of new learning to the point
95 and 96 differ from each other. This difference in hyof the temporary termination of that learning.
draulic pressure causes the output characteristics of the
It is another objective of this invention to provide a
individual members 98, 100, 101, etc. to vary. To elimivalve timing control apparatus for an engine, which emnate the influence of the allowances or time-dependent
ploys learning control in the valve-timing sustaining conchanges of the individual members 98, 100, 101, etc. 25 trol for correcting this sustaining control to thereby enfrom the sustaining control, therefore, learning control
sure the elimination of the influence of the allowances
should be adapted to the sustaining control. For adapor time-dependent changes of the mechanisms of the
tation of the learning control to the sustaining control,
apparatus on the sustaining control, and to execute the
there are several problems.
optimal learning control in consideration of the possibilFor example, one of the problems is to determine 30 ity that the apparatus may become inoperable due to
what should be the initial value to be used in the initial
the mechanical restriction.
To achieve the foregoing and other objects and in
learning process in consideration of the allowances or
accordance with the purpose of the present invention,
time-dependent changes of the individual members 98,
100, 101 , etc. When the initial value is improper, the susa valve timing control apparatus for an engine is provides
control
about
the
result
dured having the features of claim 1.
taining
improper
may bring
the
in
which
the
initial
is
ing
period
learning completed
BRIEF DESCRIPTION OF THE DRAWINGS
temporarily. Another problem is to determine on what
should be the learning value used in the sustaining control when the mechanism 98 recovers from the failureThe features of the present invention that are beoriginated fixed state on the premise that the valve-tim- 40 Neved to be novel are set forth with particularity in the
ing sustaining control should be executed. When an imappended claims. The invention, together with objects
and advantages thereof, may best be understood by refproper learning value is set, the sustaining control may
bring about an improper result during the period in which
erence to the following description of the presently prethe learning is completed temporarily after the recovery
ferred embodiments together with the accompanying
from the failure. If the adjustment of either value is in- 45 drawings in which:
adequate, the proper valve timing cannot be acquired
temporarily. If the valve timing is too advanced tempoFigure 1 is a schematic structural diagram illustratrarily, the valve overlapping becomes too large tempoing a gasoline engine system;
rarily and the combustion of the air-fuel mixture in the
so
combustion chambers becomes unstable, which may 50
Figure 2 is a partial cross-sectional diagrammatic
result in misfire or engine stalling.
view showing the structures of a variable valve timIn addition, the mechanism 98 may temporarily being mechanism (VVT) and a linear solenoid valve
come inoperable due to mechanical restriction. Such
(LSV);
may occur when the piston in the mechanism 98 moves
and comes to its end position. In this case, with simple 55
Figure 3 is a partial cross-sectional diagrammatic
execution of the sustaining control, it is not possible to
showing the structures of the VVT and LSV;
the
of
the
mechanism
98
the
sustaindistinguish
by
stop
ing control from the stop of the mechanism 98 by the
Figure 4 is a block diagram showing the structure
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of an electronic control unit (ECU);
Figures 5(a) and 5(b) are explanatory diagrams illustrating changes in valve overlapping;
Figure 6 is a graph illustrating the target displacement angle as a function of the engine rotation
speed and engine load;
Figure 7 is a graph illustrating the timing change
speed as a function of the spool position of the LSV;
Figure 8 is a chart showing the behaviors of various
parameters over time;
Figure 9 is a flowchart illustrating a "valve timing
control routine";
Figure 10 is a flowchart illustrating a "failure detection routine";
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Figure 11 is a flowchart illustrating a "valve timing
control routine";
Figure 12 is a flowchart for explaining a part of the
flowchart in Figure 11 in detail; and
Figure 13 is a schematic structural diagram showing a conventional valve timing control apparatus.
DESCRIPTION OF SPECIAL EMBODIMENTS
With reference to Figures 1 through 10, a detailed
description will be now given of a valve timing control
apparatus according to a first preferred embodiment of
the present invention as adapted for use in a gasoline
engine system of a vehicle.
Figure 1 illustrates the schematic structure of a
gasoline engine system mounted in a vehicle (not
shown). An engine 1 has a plurality of cylinders 2, which
retain pistons 3. Those pistons 3 are coupled to a crank
shaft 1a and are movable up and down in the associated
cylinders 2. In each cylinder 2, a combustion chamber
4 is located above the piston 3. A plurality of ignition
plugs 5, which are provided in association with the individual combustion chambers 4, ignite a flammable airfuel mixture supplied to each combustion chamber 4.
An intake port 6a and an exhaust port 7a, provided in
association with each combustion chamber 4, respectively, constitute a part of an air-intake passage 6 and a
part of an exhaust passage 7. An intake valve 8 and an
exhaust valve 9 provided in association with each combustion chamber 4 selectively open or close the respective ports 6a and 7a. Those valves 8 and 9 function
based on the rotations of different cam shafts 10 and 11.
Timing pulleys 12 and 13, which are respectively provided at the distal ends of the cam shafts 10 and 11, are
coupled to the crank shaft 1a by a timing belt 14.
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When the engine 1 runs, therefore, the torque of the
crank shaft 1a is transmitted with the timing belt 14 and
the timing pulleys 12 and 13 to the cam shafts 10 and
11, actuating the valves 8 and 9. The valves 8 and 9 can
function at predetermined timings in synchronism with
the rotation of the crank shaft 1a or in synchronism with
a sequence of operation strokes (the suction stroke, the
compression stroke, the combustion and expansion
stroke, and the exhaust stroke) according to the up and
down movement of each piston 3.
An air cleaner 15 provided at the inlet side of the
air-intake passage 6 cleans the outside air drawn into
the air-intake passage 6. Injectors 16 provided near the
respective intake ports 6a inject fuel into the intake ports
6a. When the engine 1 runs, the air is led via the air
cleaner 15 into the air-intake passage 6. At this time,
the fuel injected from each injector 16 is mixed with the
air, and this air-fuel mixture is led into the associated
combustion chamber 4 when the associated intake port
6a is opened by the intake valve 8 during the suction
stroke. The air-fuel mixture supplied into the combustion
chamber 4 is ignited and burned by the associated ignition plug 5. As a result, the piston 3 moves to rotate the
crank shaft 1a, generating the driving power in the engine 1. The exhaust gas after combustion is discharged
out of the combustion chamber 4 via the exhaust passage 7 when the exhaust port 7a is opened by the exhaust valve 9 in the exhaust stroke.
Athrottle valve 17 provided midway in the air-intake
passage 6 responds to the manipulation of an acceleration pedal (not shown). The amount of air taken into
the air-intake passage 6, i.e., the air-intake amount Q is
controlled by adjusting the opening of this valve 17. A
surge tank 18 provided downstream of the valve 17
dampers the pulsation of air flowing through the air-intake passage 6. An air temperature sensor 71 , provided
in the vicinity of the air cleaner 15, detects an intake-air
temperature THA and produce a signal corresponding
to the detected value. A throttle sensor 72, provided in
the vicinity of the throttle valve 17, detects the opening
TA, of the valve 17 (throttle opening ) and produces a
signal corresponding to the detected value. When the
throttle valve 17 is fully closed, the throttle sensor detects it and sends a signal. A manifold pressure sensor
73, provided in the surge tank 18, detects a manifold
pressure PM and produces a signal corresponding to
the detected value.
A catalytic converter 19, provided midway in the exhaust passage 7, cleans the exhaust gas with an incorporated three way catalyst 20. Further, an oxygen sensor 74 provided midway in the exhaust passage 7 detects the oxygen density Ox in the exhaust gas and produces a signal corresponding to the detected value. A
coolant temperature sensor 75 provided in the engine 1
detects the temperature, THW, of the coolant in the engine 1 and produces a signal corresponding to the detected value.
A distributor 21 distributes a high voltage, output
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from an igniter 22, as an ignition signal to activate the
individual ignition plugs 5. The ignition timing of each
ignition plug 5 is therefore determined by the timing at
which the high voltage is released from the igniter 22.
A rotor (not shown) incorporated in the distributor
21 rotates in synchronism with the rotation of the crank
shaft 1a with the cam shaft 11. An engine speed sensor
76 provided in the distributor 21 detects the rotational
speed of the engine 1 (engine speed) NE in accordance
with the rotation of the rotor and sends the detected value as a pulse signal. A timing sensor 77 also provided
in the distributor 21 detects the reference position, GR
of the rotational phase of the crank shaft 1a at a predetermined rate in accordance with the rotation of the rotor
and also sends the detected value as a pulse signal. In
this embodiment, the crank shaft 1a rotates twice for one
sequence of operational strokes of the engine 1, and the
engine speed sensor 76 outputs one pulse signal every
crank angle CA of 30 degrees while the crank shaft 1a
rotates twice. The timing sensor 77 sends one pulse signal every crank angle CA of 360 degrees.
In this embodiment, a variable valve timing mechanism (hereinafter simply referred to as "VVT") 25, which
is provided in the timing pulley 12, serves to alter the
actuation timing of the intake valve 8. The structure of
the VVT 25, which is a hydraulic type, will be described
below in detail.
Figures 2 and 3 depict the structures of the VVT 25
and a linear solenoid valve (LSV) 55 accompanying the
VVT 25. A cylinder head 26 and bearing cap 27 of the
engine 1 rotatably support the cam shaft 10 with a journal 10a. The VVT 25 is integrally provided with the timing
pulley 12 at the distal end of the cam shaft 10. Two oil
grooves 31 and 32 provided in the journal 10a extend
along the outer surface of the journal 10a. Oil passages
33 and 34 provided in the bearing cap 27 supply lubricating oil to the journal 10a and the oil grooves 31 and
32. In this embodiment, as shown in Figure 1, an oil pan
28, an oil pump 29, an oil filter 30 and the associated oil
passages constitute a lubricating device for supplying
lubricating oil to various locations in the engine 1. This
lubricating device provides the VVT 25 with hydraulic
pressure through the lubricating oil. The LSV 55 adjusts
the hydraulic pressure supplied to the VVT 25.
As the oil pump 29 functions in response to the running of the engine 1, the lubricating oil pumped out of
the oil pan 28 is discharged from the pump 29. The discharged lubricating oil passes through the oil filter 30
and is selectively supplied under pressure through the
individual oil passages 33 and 34 to the oil grooves 31
and 32 and the journal 10a by the LSV 55.
The timing pulley 12, having an approximate disk
shape, and a cylindrical cover 35, which is attached to
the pulley 12, constitute a housing 36. The cover 35 covers one side of the pulley 12 and the distal end of the
cam shaft 10. The pulley 12 has a plurality of external
teeth 37 on its outer surface and a boss 38 in the center.
The pulley 12, which is journalled at the boss 38 to the
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cam shaft 10, is rotatable relative to the cam shaft 10.
The aforementioned timing belt 14 is coupled to the external teeth 37.
The cover 35 has a flange 39 on one end and a hole
40 formed in the center of the opposite end. A plurality
of bolts 41 and pins 42 secure the flange 39 to one side
of the pulley 12. A removable lid 43 is attached to the
hole 40. The cover 35 has a plurality of internal teeth
35a formed on its inner surface.
Space 44 defined by the pulley 12 and the cover 35
retains an inner cap 45 having a generally cylindrical
form. A hollow bolt 46 and a pin 47 secure the cap 45
to the distal end of the cam shaft 10. The inner cap 45
has a wall 45a that encloses part of the boss 38, and
the inner cap 45 and the boss 38 may rotate relative to
each other. The inner cap 45 has a plurality of external
teeth 45b on its outer surface.
A cylindrical ring gear 48, located between the
housing 35 and the cap 45, couples the housing 35, and
thus the pulley 12, to the cam shaft 10. The ring gear 48
is accommodated in the space 44 and is movable in the
axial direction of the cam shaft 10. The ring gear 48 has
a plurality of helical teeth 48a on its inner surface and a
plurality of helical teeth 48b on its outer surface. The
internal teeth 48a of the ring gear 48 engage with the
external teeth 45b of the cap 45 and the external teeth
48b of the ring gear 48 engage with the internal teeth
35a of the cover 35. As the ring gear 48 moves along
the cam shaft 10, it rotates relative to the cam shaft 10.
As the pulley 12 rotates, the cam shaft 10 is driven
through the cover 35, the ring gear 48, and the inner cap
45.
As shown in Figures 2 and 3, the space 44 includes
first and second hydraulic pressure chambers 49 and
50 defined by the ring gear 48. The first hydraulic pressure chamber 49 is located between the left side (as
viewed in Figures 2 and 3) of the ring gear 48 and the
distal end of the cover 35. The second hydraulic pressure chamber 50 is located between the right side (as
viewed in Figures 2 and 3) of the ring gear 48 and the
web of the pulley 12.
The cam shaft 10 has an oil passage 51 inside extending in its axial direction in order to supply the hydraulic pressure produced by the lubricating oil to the
first hydraulic pressure chamber 49. The distal end of
this oil passage 51 is connected to the first hydraulic
pressure chamber 49 via an axial hole 46a in the hollow
bolt 46. The proximal end of the oil passage 51 is connected to the oil groove 31 via an oil hole 52 extending
in the radial direction of the cam shaft 10.
The cam shaft 10 has another oil passage 53 inside
extending parallel to the oil passage 51 in order to supply the hydraulic pressure produced by the lubricating
oil to the second hydraulic pressure chamber 50. An oil
hole 54 formed in the boss 38 connects the second hydraulic pressure chamber 50 to the oil passage 53.
In the above-described structure, the oil passage
33, oil hole 52, oil passage 51 , and hole 46a constitute
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a first supply passage for supplying the hydraulic pressure produced by the lubricating oil to the first hydraulic
pressure chamber 49, and the oil passage 34, oil passage 53, and oil hole 54 constitute a second supply passage for supplying the hydraulic pressure produced by
the lubricating oil to the second hydraulic pressure
chamber 50. The LSV 55, connected to both supply passages, controls the hydraulic pressure to be supplied to
the individual hydraulic pressure chambers 49 and 50
as it undergoes the duty control. Figure 1 illustrates how
the LSV 55 is connected to the oil pan 28, oil pump 29
and oil filter 30.
As shown in Figures 2 and 3, a casing 56 of the LSV
55 has first to fifth ports 57, 58, 59, 60 and 61 , respectively. The first port 57 communicates with the oil passage 33, and the second port 58 communicates with the
011 passage 34. The third and fourth ports 59 and 60
communicate with the oil pan 28, and the fifth port 61
communicates with the discharge side of the oil pump
29 via the oil filter 30. A spool 62, provided inside the
casing 56, has four cylindrical valve bodies 62a. The
spool 62 can reciprocate in its axial direction. An electromagnetic solenoid 63 provided in the casing 56 causes the spool 62 to move between a first position shown
in Figure 2 and a second position shown in Figure 3.
The first position is the rightmost (as viewed in Figures
2 and 3) position the spool 62 can reach with respect to
the casing 56, i.e., the position where the spool 62 is
retracted. The second position is the leftmost (as viewed
in Figures 2 and 3) position the spool 62 can reach with
respect to the casing 56, i.e., the position where the
spool 62 is extended. A spring 64 provided in the casing
56 urges the spool 62 toward the retracted position.
When the spool 62 is extended against the urging
force of the spring 64, the discharge side of the oil pump
29 communicates with the oil passage 33 and the oil
passage 34 communicates with the oil pan 28, as shown
in Figure 3. As a result, hydraulic pressure is supplied
to the first hydraulic pressure chamber 49 and the ring
gear 48 rotates while moving in the axial direction
against the pressure of the oil remaining in the second
hydraulic pressure chamber 50. The oil in the second
hydraulic pressure chamber 50 is drained into the oil pan
28. Consequently, the rotational phases of the cam shaft
10 and the housing 36 change relatively. More specifically, the rotational phase of the cam shaft 10 becomes
advanced with respect to the rotational phase of the
housing 36. As a result, the phase of the valve timing of
the intake valve 8 becomes advanced with respect to
the rotational phase of the crank shaft 1a.
In this case, as shown in Figure 5(b), the valve timing of the intake valve 8 advances relatively, increasing
the valve overlap between the intake valve 8 and the
exhaust valve 9 during the suction stroke. As the hydraulic pressure to be supplied to the first hydraulic pressure chamber 49 is controlled, the ring gear 48 can be
moved to the end of its travel against the timing pulley
12 as shown in Figure 3. When the ring gear 48 reaches
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this position, the valve timing of the intake valve 8 becomes most advanced and the valve overlap becomes
maximum.
As the spool 62 is retracted, the discharge side of
the oil pump 29 communicates with the oil passage 34
and the oil passage 33 communicates with the oil pan
28, as shown in Figure 2. As a result, hydraulic pressure
is supplied to the second hydraulic pressure chamber
50 and the ring gear 48 rotates while moving in the axial
direction against the pressure of the oil remaining in the
first hydraulic pressure chamber 49. The oil in the first
hydraulic pressure chamber 49 is drained into the oil pan
28. Consequently, the rotational phase of the cam shaft
10 with respect to the rotational phase of the housing
36 changes in the opposite direction to that of the previous case. More specifically, the rotational phase of the
cam shaft 10 becomes retarded with respect to the rotational phase of the housing 36. As a result, the phase
of the valve timing of the intake valve 8 becomes retarded with respect to the rotational phase of the crank shaft
1a.
In this case, as shown in Figure 5(a), the valve timing of the intake valve 8 retards relatively, causing a relative reduction of the valve overlap between the intake
valve 8 and the exhaust valve 9 during the suction
stroke. In this diagram, there is no valve overlap. As the
hydraulic pressure supplied to the second hydraulic
pressure chamber 50 is controlled, the ring gear 48 can
be moved to the end of its travel toward the cover 35 as
shown in Figure 2. When the ring gear 48 reaches this
end position, the valve timing of the intake valve 8 lags
most and the valve overlap is minimum.
As the spool 62 comes to positions between the retracted and extended positions, the area of the oil flow
passage to each hydraulic pressure chamber 49 or 50
varies and the rate of the valve timing changes will vary
accordingly. When the spool 62 is positioned approximately midway between the retracted and extended positions, the oil passages 33 and 34 are disconnected
from the oil pump 29 and oil pan 28. Consequently, the
supply of the hydraulic pressure to each hydraulic pressure chamber 49 or 50 is restricted so that the operation
of the VVT 25 stops, thus stopping the alteration of the
valve timing.
As the VVT 25 is properly controlled in the abovedescribed manner, the valve timing of the intake valve
8, and thus the valve overlap, can be changed continuously (steplessly) from the range shown in Figure 5(a)
to the range shown in Figure 5(b).
The characteristics of the LSV 55 are shown in the
graph in Figure 7. The horizontal scale in the graph represents the position of the spool 62, and the vertical
scale represents the rate of the change in the valve timing (advance rate and retard rate) provided by the VVT
25. The position of the spool the horizontal scale is proportional to the size of the drive duty ratio DVT for controlling the LSV 55, and is proportional to the value of
the current to be supplied to the electromagnetic sole-
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noid 63. In this embodiment, the valve timing is controlled by controlling the LSV 55 based on the value of a
predetermined drive duty ratio DVT. To set the valve timing to the target value, the drive duty ratio DVT is used
as a parameter for controlling the LSV 55 in this embodiment. The change rate of the valve timing, not the
change angle thereof, is determined by altering the value of the drive duty ratio DVT. In other words, when the
spool 62 is moved by controlling the LSV 55 based on
the drive duty ratio DVT, the integration amount of the
drive duty ratio DVT becomes the change angle of the
valve timing after the shifting of the spool 62.
As shown in Figure 1, a cam sensor 78 provided at
the cam shaft 10 detects an actual displacement angle
VT in the rotational angle of the cam shaft 10 and sends
a signal corresponding to the detected value. The cam
sensor 78 has a plurality of projections arranged at equiangular distances on the cam shaft 10 and a pickup coil
located to face each projection. As the cam shaft 10 rotates and each projection crosses the pickup coil, the
coil generates an electromotive force. The cam sensor
78 sends the electromotive force as a pulse signal indicative of the actual displacement angle VT.
As shown in Figure 1, an electronic control unit
(ECU) 80 receives signals sent by the aforementioned
individual sensors 71 to 78. Based on those signals, the
ECU 80 properly controls the driving of the individual
components 16, 22 and 55.
The ECU 80 includes a central processing unit
(CPU) 81 , a read only memory (ROM) 82, a random access memory (RAM) 83 and a backup RAM 84 as shown
in a block diagram in Figure 4. The ECU 80 has those
components 81 to 84 connected to an input interface
circuit 85 including an A/D converter and an output interface circuit 86 by a bus 87, thus constituting an arithmetic logic unit. In this embodiment, the CPU 81 also
has the function of a counter. Predetermined control programs are previously stored in the ROM 82. The RAM
83 temporarily stores the results of the operations performed by the CPU 81. The backup RAM 84 retains
prestored data. The aforementioned individual sensors
71 to 78 are connected to the input interface circuit 85,
and the aforementioned components 16, 22 and 55 to
the output interface circuit 86. This ECU 80 receives
power from a power-supply battery (not shown).
The CPU 81 reads the signals from the sensors 71
to 78 received via the input interface circuit 85, as input
values. Based on the input values, the CPU 81 properly
controls the driving of the individual components 16, 22,
55, etc. to execute various controls, such as the fuel injection control, ignition timing control and valve timing
control.
The fuel injection control refers to control of each
injector 16 based on a target value, which is computed
in accordance with the running condition of the engine
1, to control the amount of fuel supplied to each combustion chamber 4. The ignition timing control refers to
control of the igniter 22 based on a target value, which
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is computed in accordance with the running condition of
the engine 1, to control the ignition timing of each ignition
plug 5.
The valve timing control refers to control of the activation of the LSV 55 based on the drive duty ratio DVT,
which is computed in accordance with the running condition of the engine 1, to control the VVT 25, thereby
controlling the actuation timing of the intake valve 8 and
the valve overlap. In this embodiment, the valve timing
control includes the valve-timing sustaining control and
learning control. The sustaining control is for sustaining
the valve timing to a given phase. The learning control
is for learning a sustaining-duty learning value GDVTH
for evaluating and correcting the result of the sustaining
control.
The ROM 82 holds previously stored programs for
executing those controls, and also holds a previously
stored initial value GDVTHI associated with the learning
value GDVTH. In the initial learning, the ECU 80 (CPU
81 ) uses the initial value GDVTHI as the learning value
GDVTH. This initial value GDVTHI allows the VVT 25 to
be controlled to relatively reduce the valve overlap. The
initial value GDVTHI permits the learning value GDVTH
to be initialized to a predetermined value when the VVT
25 is in failure. Therefore, for example, the initial value
GDVTHI is used as the learning value GDVTH when the
engine 1 is activated for the first time after manufacturing, when the engine 1 is activated for the first time after
the battery is replaced, or when the VVT 25 is in failure.
The valve timing control will be described below in
detail. Figure 9 presents a flowchart illustrating a "valve
timing control routine". The ECU 80 periodically executes this routine at predetermined time intervals.
When the process enters this control routine, first,
the ECU 80 receives input values associated with the
throttle opening TA (including the fully-closed state of
the throttle valve 17), manifold pressure PM, engine
speed NE, and the actual displacement angle VT based
on the signals from the individual sensors 72, 73, 76 and
78 at step 110.
At step 112, the ECU 80 computes the value of a
target displacement angle VTT for controlling the VVT
25, based on the values of the currently read parameters
TA, PM and NE. The ECU 80 computes the value of the
target displacement angle VTT by referring to function
data shown on the graph in Figure6. Inthefunction data,
the target displacement angle VTT is optimally predetermined through experiments from the relationship between the load LD of the engine 1, which is acquired
from the manifold pressure PM and the engine speed
NE. In this function data, the value of the target displacement angle VTT is set within a range from "zero degrees
CA," which is the most retarded value, to "60 degrees
CA," which is the most advanced value. The range from
"zero degrees CA" to "60 degrees CA" is exemplary.
At step 113, the ECU 80 determines if the value of
the currently-computed target displacement angle VTT
is "zero degrees CA" or if the valve timing should be con-
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trolled to the most retarded state (maximum retarded
timing). When the value of the target displacement angle
VTT is "zero degrees CA", the ECU 80 executes steps
115 and 160 to control the valve timing to the maximum
retarded timing.
More specifically, the ECU 80 sets the value of the
drive duty ratio DVT used for the duty control of the LSV
55 to "zero %" at step 115, and performs the duty control
of the LSV 55 based on the value of the drive duty ratio
DVT to control the change angle of the cam shaft 10 at
step 160. To control the LSV 55, the ECU 80 converts
the drive duty ratio DVT of "zero %" to the current value
for the duty control of the LSV 55. As a result, the VVT
25 controls the valve timing to the maximum retarded
timing, at which there is no valve overlap. When the value of the target displacement angle VTT is not "zero degrees CA" at step 113, the ECU 80 proceeds to step 117.
At step 117, the ECU 80 determines if a learn flag
XGD is "1 ". This flag XGD indicates whether or not the
learning control should be executed first when the engine 1 is activated for the first time or when the engine
1 is activated for the first time after the battery has been
replaced. The ECU 80 sets this flag XGD according to
another processing routine (not shown). More specifically, the ECU 80 sets the flag XGD to "1" when the
learning control is to be executed first, and sets the flag
XGD to "zero" otherwise.
When it is determined that the learning control
should be executed first at step 117, the ECU 80 sets
the initial value GDVTHI stored in the ROM 82 as the
sustaining duty learning value GDVTH at step 118 after
which the ECU 80 proceeds to step 120. In other words,
the ECU 80 initializes the sustaining duty learning value
GDVTH to the initial value GDVTHI. When it is determined that the flag XGD is zero at step 117, the ECU 80
proceeds to step 120.
At step 120, the ECU 80 determines if the difference
(absolute value) between the currently computed value
of the target displacement angle VTT and the currently
read actual displacement angle VT is equal to or smaller
than a predetermined reference value a. "3 degrees CA"
may be set to the reference value a. When the difference
is greater than the reference value a at step 120, the
ECU 80 executes the processes at steps 130 to 160 to
execute the feedback control and learning control.
At step 130, the ECU 80 determines if the value of
the actual displacement angle VT has converged to a
certain value and remained the same for a predetermined time period. When the actual displacement angle
VT value has not remained the same for a predetermined time period, which means that the value of the
angle VT is changing, the ECU 80 executes the processes at steps 155 and 160. When the value of the actual displacement angle VT has converged to the certain
value and has remained the same for the predetermined
time period, the ECU 80 proceeds to step 135.
At step 135, the ECU 80 determines if the value of
the drive duty ratio DVT has converged to a certain value
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and remained the same for a predetermined time period.
When the drive duty ratio DVT at the certain value has
not remained the same for a predetermined time, which
means that the ratio DVT is changing, the ECU 80 exe5 cutes the processes at steps 155 and 160. When the
drive duty ratio DVT has remained at the certain value
for the predetermined time, which means that the ratio
DVT has converged to the certain value, the ECU 80
proceeds to step 140.
10
At step 155, as advanced from step 130 or step 135,
the ECU 80 computes the value of the drive duty ratio
DVT from the following equation.
15

20

25

30

35

40

45

50

55

8

DVT = (VTT - VT) * KP + GDVTH
where KP is a constant equivalent to the gain of the proportional control.
In the next step 160, as mentioned earlier, the ECU
80 controls the LSV 55 based on the computed value of
the drive duty ratio DVT, thereby causing the VVT 25 to
control the valve timing and valve overlap.
At step 140 as proceeded from step 135, the ECU
80 determines if the VVT 25 is failing. The failure of the
VVT 25 here means that the phase of the valve timing
is fixed to a given state. The ECU 80 makes the decision
at step 140 based on two failure flags XVFA and XVFR.
One failure flag XVFA indicates whether or not failure
has occurred with the advanced valve timing state. The
other failure flag XVFR indicates whether or not failure
has occurred with the retarded valve timing state. When
one of the failure flags XVFA and XVFR is "1 ", the ECU
80 determines that the VVT 25 is failing. The ECU 80
sets those failure flags XVFA and XVFR according to a
"failure detection routine" to be discussed later.
When the VVT 25 is failing at step 140, the ECU 80
proceeds to step 145. At this step 145, the ECU 80 sets
the initial value GDVTHI, stored in the ROM 82, as a
new sustaining duty learning value GDVTH. This routine
initializes the learning value GDVTH to a predetermined
value when the VVT 25 is in failure. This routine allows
the learning value GDVTH to be initialized to the predetermined value when the VVT 25 has recovered from
the failure state. The predetermined value is a value that
controls the VVT 25 to relatively reduce the valve overlap as already described above. After the execution of
step 145, the ECU 80 executes steps 155 and 160 in
the same manner as has been discussed above.
While the VVT 25 is failing, therefore, the initial value GDVTHI is used as the learning value GDVTH in the
computation of the drive duty ratio DVT. This control retards permits the valve timing to make the valve overlap
relatively smaller.
When the VVT 25 is not failing at step 140, the value
of the actual displacement angle VT and the value of the
drive duty ratio DVT have converged to certain values
with some difference between the value of the actual
displacement angle VT and the value of the target dis-
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placement angle VTT. At this time, the ECU 80 executes
the processes at steps 150, 155 and 160.
At step 150, the ECU 80 sets the previously computed value of the drive duty ratio DVT as the learning
value GDVTH. The ECU 80 updates the learning value
GDVTH with the value of the drive duty ratio DVT to
thereby learn this learning value GDVTH. More specifically, the ECU 80 evaluates the result of the valve-timing
sustaining control by comparing the values of both parameters VTT and VT with each other and learns the
learning value GDVTH for correcting this sustaining
control based on the evaluation. After the execution of
step 150, the ECU 80 executes the processes at steps
155 and 160 in the same way as has been described
above.
When the VVT 25 is not in failure, therefore, a new
learning value GDVTH is used in the computation of the
drive duty ratio DVT. The phase of the valve timing is
controlled in such a way that the value of the actual displacement angle VT matches with the value of the target
displacement angle VTT, thereby controlling the valve
overlap.
When the difference between both parameters VTT
and VT is equal to or smaller than the reference value
a at step 120, the value of the actual displacement angle
VT substantially coincides with the value of the target
displacement angle VTT. To sustain the phase of the
valve timing then, the ECU 80 executes the processes
at steps 125 and 160.
At step 125, the ECU 80 sets the learning value GDVTH learned up to now as the value of the drive duty
ratio DVT. At step 160, the duty control of the LSV 55 is
executed in the same manner as has been discussed
above based on the set value of the drive duty ratio DVT.
In other words, when the value of the actual displacement angle VT nearly matches with the value of the target displacement angle VTT, the ECU 80 switches the
value of the drive duty ratio DVT to be sent to the LSV
55 to the learning value GDVTH for sustaining the rotational phase of the cam shaft 10 constant. This learning
value GDVTH is an instruction value that should be sent
to the LSV 55 to inhibit the current supply of hydraulic
pressure to both hydraulic pressure chambers 49 and
50 from changing. As mentioned earlier, the ECU 80
learns the learning value GDVTH to eliminate the influence of the allowances and time-dependent variations
of the LSV 55 and VVT 25 from the valve-timing sustaining control. As the ECU 80 controls the LSV 55
based on this learning value GDVTH, the displacement
angle of the cam shaft 10 is sustaining, without advancing or retarding, at the value of the target displacement
angle VTT immediately before the sustaining starts.
That is, the phase of the valve timing is sustained at the
phase immediately before the sustaining starts. This
control is the valve-timing sustaining control. After the
execution of step 160, the ECU 80 starts again the sequence of processes from step 110 from the next control
cycle.
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Figure 10 presents a flowchart illustrating the "failure detection routine" for detecting a failure in the VVT
25. The ECU 80 periodically executes this routine at predetermined crank angle intervals (e.g., every 240 degrees CA).
At step 200, the ECU 80 checks the condition for
clearing the value of a first counter CER. When the difference between the value of the actual displacement
angle VT and the value of the target displacement angle
VTT is small, or when the engine 1 is running at a high
speed or a low speed, the ECU 80 clears the value of
this counter CER and restarts incrementing the counter
value every 32 msec.
At step 210, the ECU 80 checks the condition for
clearing the value of a second counter CST. When the
value of the actual displacement angle VT varies greatly,
the ECU 80 clears the value of this counter CST and
restarts incrementing the counter value every 32 msec.
At the same time, the ECU 80 resets the two failure flags
XVFA and XVFR to "zero".
At step 220, the ECU 80 determines if the value of
the first counter CER is equal to or greater than a predetermined reference value T1 if and the value of the
second counter CST is equal to or greater than a predetermined reference value T2. For example, "5 seconds" may be used as both reference values T1 and T2.
At this step, more specifically, the ECU 80 determines
if the reference value T1 time has passed after the difference between the actual displacement angle VT and
the target displacement angle VTT has increased and
the reference value T2 time has passed after the actual
displacement angle VT has stopped changing.
When the values of the individual counters CER and
CST are each less than the reference values T1 and T2
at step 220, the ECU 80 considers that a failure of the
VVT 25 is not detected and temporarily terminates the
subsequent processing. When the values of the individual counters CER and CST are both equal to or greater
than the reference values T1 and T2, the ECU 80 considers that the failure of the VVT 25 has been detected,
and proceeds to step 230.
At step 230, the ECU 80 determines if the value of
the actual displacement angle VT is equal to or greater
than a predetermined reference value p, which may be
set to "30 degrees CA". When the value of the actual
displacement angle VT is equal to or greater than the
predetermined reference value p, which means that the
VVT 25 is failing with the phase of the valve timing advanced to a certain degree, the ECU 80 sets the failure
flag XVFA to "1 " at step 240 and then temporarily terminates the subsequent process. When the value of the
actual displacement angle VT is less than the predetermined reference value p, the ECU 80 proceeds to step
250.
At step 250, the ECU 80 determines if the state of
the valve timing in the feedback control has continued
for a predetermined reference time value T3, which may
be set to "5 seconds". When the state has not continued
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The relationship among the various parameters
for the reference time T3, the ECU 80 temporarily terminates the subsequent processing. When the state has
VTT, VT, DVT, GDVTH, etc. will be now described by
continued for the reference time value T3, which means
referring to Figures 7 and 8. Figure 7 presents the graph
that the VVT 25 is failing with the phase of the valve
illustrating the characteristics of the LSV 55. Figure 8
timing retarding to a certain degree, the ECU 80 sets 5 presents a timing chart showing the behaviors of various
the failure flag XVFR to "1 " at step 260 and then tempoparameters VT, DVT, GDVTH, etc. when the value of the
rarily terminates the subsequent process.
target displacement angle VTT is set constant. In this
In this manner, the failure of the VVT 25 is detected
example, it is assumed that the current learning value
GDVTH is an "erroneous value" smaller than the "true
and the failure flags XVFA and XVFR are set based on
the detection result. As mentioned earlier, the ECU 80 10 value" as shown in Figure 7. With reference to Figure 8,
a description will be given of the behaviors of various
uses the failure flags XVFA and XVFR to determine the
failure of the VVT 25 in "valve timing control routine".
parameters VT, DVT, GDVTH, etc. while the learning
value GDVTH is updated to the true value from an erroThe action and advantages of the valve timing control apparatus with the above-described structure will be
neous value.
is
Between time t1 and time t2, the actual displacedescribed.
now
When the engine 1 is running, the intake valve 8
ment angle VT is retarding from the target displacement
and the exhaust valve 9 actuate in synchronism with the
angle VTT. The feedback control therefore allows the
value of the actual displacement angle VT to change torotation of the crank shaft 1a. The actuations of those
ward advancement so as to gradually approach the valvalves 8 and 9 allow the respective intake port 6a and
exhaust port 7a to selectively open or close, thus regu- 20 ue of the target displacement angle VTT. That is, the
value of the drive duty ratio DVT, which is the sum of the
lating the air intake into and discharge from the combustion chambers 4. At this time, the ECU 80 computes the
proportional term that is determined by the difference
value of the optimal target displacement angle VTT as(VTT - VT) and the learning value GDVTH, gradually desociated with the valve timing control by referring to the
creases while this value is greater than the learning valfunction data shown in Figure 6. Based on the computed 25 ue GDVTH and the value of the target displacement anvalue of the target displacement angle VTT, the ECU 80
gle VTT also gradually changes toward advancement.
The proportional term decreases as the difference (VTT
computes the value of the drive duty ratio DVT. Based
- VT) decreases.
on the value of the drive duty ratio DVT, the ECU 80
At time t2, the value of the drive duty ratio DVT becontrols the LSV 55 to control the VTT 25. As a result,
the valve timing of the intake valve 8 is altered to acquire so comes equal to the true value of the learning value GDVTH. Until time t3 thereafter, the actual displacement
the valve overlap that corresponds with the running condition of the engine 1.
angle VT is constant with the difference (VTT - VT) reWhen the engine speed NE is relatively high and
maining constant, i.e., without converging to the value
of the target displacement angle VTT. During this period
the load LD is relatively high, the VVT 25 is controlled
to increase the valve overlap. This control permits the 35 of time, the drive duty ratio DVT is also constant.
At time t3, a predetermined time has passed after
utilization of the inertia of the air flowing through the airthe values of both parameters VT and DVT became conintake passage 6 to enhance the efficiency of the supply
of air into the combustion chambers 4 and improve the
stant. It is possible to consider at this time that the value
of the drive duty ratio DVT is the true value of the learnoutput power of the engine 1. When the engine speed
NE is low and the load LD is low, the VVT 25 is controlled 40 ing value GDVTH, so that this value is updated as the
to decrease the valve overlap. This reduces the ratio of
learning value GDVTH. At this time, the value of the
drive duty ratio DVT becomes greater than the learning
the internal EGR in the combustion chambers 4 to prevalue GDVTH by the proportional term. As the value of
vent the improper combustion of the flammable air-fuel
the drive duty ratio DVT gradually decreases toward the
mixture. Even when the engine speed NE and the load
LD have other relationships, this controller seeks the op- 45 learning value GDVTH thereafter, the value of the actual
timal valve overlap to improve the output power of the
displacement angle VT finally converges to the value of
the target displacement angle VTT. Accordingly, the valengine 1 and prevent improper combustion.
When the value of the actual displacement angle
ue of the actual displacement angle VT or the phase of
the valve timing is sustained at the value of the target
VT becomes close to the value of the target displacement angle VTT, the ECU 80 controls the VTT 25 by so displacement angle VTT under the sustaining control.
The learning control involving the learning value
controlling the LSV 55 so as to sustain the phase of the
GDVTH is executed in the above-described manner,
valve timing. That is, the ECU 80 executes the valveand the sustaining control is corrected based on the
timing sustaining control. When the phase of the valve
is
sustained
the
ECU
80
at
learning result.
timing
a given state,
com55
At the time of initiating the learning, the ECU 80 usthe
values
of
both
VTT
and
VT
with
parameters
pares
the
initial value GDVTHI as the learning value GDeach other to evaluate the result of the sustaining control
es
VTH. This initial value GDVTHI has been set so that the
and learns the learning value GDVTH for correcting this
VVT 25 relatively reduces the valve overlap.
sustaining control based on the evaluation.
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value GDVTH. If the learning of the learning value GDIf the learning control starts for the first time when
VTH is inhibited after detection of the failure of the VVT
the engine 1 is activated for the first time or when the
25, therefore, it is not possible to prevent erroneous
engine 1 is activated for the first time after the replacement of the battery, the sustaining control is corrected
learning of the learning value GDVTH during the period
by the initial value GDVTHI. Until the initial learning once 5 from the occurrence of the failure to the detection of the
started is temporarily completed, the valve overlap does
failure. In this respect, the initialization of the learning
value GDVTH as in this embodiment is advantageous.
not increase excessively under the sustaining control
In this embodiment, the ECU 80 executes the suseven by the mechanical allowances of the VVT 25 and
the LSV 55, etc., and the amount of the exhaust gas
taining control as needed so that the angle of the cam
remaining in the combustion chambers 4 does not in- 10 shaft 10 changed by the VVT 25 can be reliably maintained at the value of the target displacement angle VTT
crease. It is thus possible to prevent misfire or engine
stalling due to an increase in the internal EGR. By emimmediately before the initiation of the sustaining control. Moreover, the ECU 80 learns the learning value GDploying the learning control in the sustaining control,
VTH that is used in the sustaining control. Therefore,
therefore, the influence of the allowances of the VVT 25
and the LSV 55, etc. are eliminated from the sustaining is the influence of the allowances or time-dependent
control. In addition, the optimal learning control can be
changes of the VVT 25 and LSV 55 can be eliminated
executed in the sustaining control until new learning,
from the learning value GDVTH, thus always ensuring
the optimal sustaining control.
once started, is temporarily completed.
When the ECU 80 determines that the VVT 25 has
In this embodiment, the ECU 80 uses the learning
recovered from the failure state, the ECU 80 initializes 20 value GDVTH as one parameter to compute the drive
the learning value GDVTH to a predetermined value unduty ratio DVT in feedback control (other than the susder the learning control. That is, while the VVT 25 is in
taining control). Even in the feedback control, therefore,
the influence of the allowances or time-dependent
failure, the ECU 80 keeps using the initial value GDVTHI
in the calculation of the drive duty ratio DVT. When the
changes of the VVT 25 and LSV 55 can be eliminated
VVT 25 recovers from the failure state, the ECU 80 up- 25 from the drive duty ratio DVT, so that the optimal feedback control will always be attained.
dates, as the learning value GDVTH, the value of the
drive duty ratio DVT computed immediately before the
A specific valve timing control apparatus for an engine according to the second embodiment of this invenrecovery using the initial value GDVTHI as one paramtion will be now described with reference to Figures 11
eter. As a result, the learning value GDVTH is initialized
30 and 12. To avoid a redundant description, like or same
to the predetermined value.
The learning value GDVTH is not erroneously
reference numerals are given to corresponding compolearned while the VVT 25 is failure. The sustaining connents of this embodiment. The following will therefore
trol does not cause the phase of the valve timing to be
mainly discuss the differences from the first embodithe
from
after
set
ment.
improperly
during
period
immediately
the recovery from the failure to the temporary termina- 35
The second embodiment differs from the first emtion of the learning of the learning value GDVTH. Conbodiment in the content of the learning control of the
sequently, the valve overlap does not become exceslearning value GDVTH. Figures 11 and 12 present flowcharts illustrating the contents of the "valve timing consively large, thus preventing misfire or engine stalling
from occurring due to the internal EGR. During the petrol routine" of this embodiment. The contents of steps
riod from the point when new learning starts after recov- 40 110, 112, 113, 115, 117, 118, 120, 125, 155 and 160 in
the routine in Figure 11 are the same as those of the
ery from a failure and to the point when the learning is
temporarily completed, it is possible to prevent the valve
corresponding steps in the routine in Figure 9. In the
second embodiment, the content of the process of learntiming control from deteriorating due to an erroneous
learning value GDVTH and to execute the optimal learning the learning value GDVTH at step 300 in Figure 11
ing control to control the valve timing. Because the initial 45 differs from the contents of steps 130, 135, 140, 145 and
value GDVTHI is used in computing the drive duty ratio
150 in Figure 9.
DVT while the VVT 25 is in failure, the learning value
Figure 12 illustrates the details of step 300. At step
GDVTH is adequate for the control of the valve timing
310, the ECU 80 determines if the value of the actual
during the failure period.
displacement angle VT has converged to a certain value
To avoid erroneous learning of the learning value so and has remained unchanged for a predetermined time.
GDVTH when the failure of the VVT 25 is detected, the
When the real change opening VT at the certain value
has not remained unchanged during the predetermined
learning may be inhibited. To detect the failure of the
VVT 25, however, it is necessary to determine that the
time, which means that the value of the opening VT is
phase of the valve timing is constant for a given period
changing, the ECU 80 executes the processes at steps
of time. Further, it is generally desirable that the refer- 55 155 and 160. When the actual displacement angle VT
at the certain value has remained unchanged during the
ence time needed to determine the detection of the failof
the
VVT
25
should
be
than
the
reference
ure
predetermined time, which means that the value of that
greater
time needed to determine the renewal of the learning
angle VT has converged to the certain value, the ECU
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80 proceeds to step 320.
At step 320, the ECU 80 determines if the value of
the drive duty ratio DVT has converged to a certain value
and remained unchanged for a predetermined time period. When the certain value of the drive duty ratio DVT
has not remained unchanged during the predetermined
time period, which means that the ratio DVT is changing,
the ECU 80 executes the processes at steps 155 and
160. When the certain value of the drive duty ratio DVT
remained unchanged has for the predetermined time
period, which means that the ratio DVT has converged
to a certain value, the ECU 80 proceeds to step 330.
At step 330 proceeded from step 320, the ECU 80
determines if the currently computed value of the target
displacement angle VTT is equal to or greater than "55
degrees CA". This value "55 degrees CA" is exemplary.
As mentioned earlier, the value of the target displacement angle VTT is set in the range of "zero to 60 degrees
CA" in the function data shown in Figure 6. In this example, therefore, the ECU 80 determines if the value of
the target displacement angle VTT lies within the range
from "60 degrees CA" which is equivalent to the upper
limit (most advanced timing) to "55 degrees CA". When
the value of the target displacement angle VTT is equal
to or greater than "55 degrees CA", the ECU 80 proceeds to step 370. When the value of the target displacement angle VTT is less than "55 degrees CA", the
ECU 80 proceeds to step 340.
At step 340, the ECU 80 determines if the currently
computed value of the target displacement angle VTT
is smaller than "5 degrees CA". This value "5 degrees
CA" is exemplary. In this example, therefore, the ECU
80 determines if the value of the target displacement angle VTT lies within the range from "zero degree CA"
which is equivalent to the lower limit (most retarded timing) to "5 degrees CA". When the value of the target displacement angle VTT is smaller than "5 degrees CA",
the ECU 80 proceeds directly to step 155. When the value of the target displacement angle VTT is equal to or
greater than "5 degrees CA", the ECU 80 proceeds to
step 350.
At step 350, the ECU 80 sets the previously computed value of the drive duty ratio DVT as the learning
value GDVTH. The ECU 80 updates the learning value
GDVTH with the value of the drive duty ratio DVT to
thereby learn this learning value GDVTH. After the execution of step 350, the ECU 80 executes the processes
at steps 155 and 160 in the same way as has been described earlier.
At step 360, the ECU 80 temporarily stores the previously computed value of the drive duty ratio DVT as a
sustaining duty learning value GDVTHM in the RAM 83,
after which the ECU 80 proceeds to step 155.
When the value of the target displacement angle
VTT is smaller than "5 degrees CA" at step 340, the ECU
80 proceeds directly to step 155 without learning and
updating the sustaining duty learning value GDVTH at
step 350, i.e., after inhibiting the learning process.
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When the value of the target displacement angle
VTT is equal to or greater than "55 degrees CA" at step
330, the ECU 80 learns and updates the learning value
GDVTH at step 370, and then proceeds to step 155.
When the previously computed value of the drive duty
ratio DVT is equal to or smaller than "GDVTHM + y"
which is the latest stored sustaining duty learning value
GDVTHM plus a predetermined compensation value j,
the ECU 80 sets the value of "GDVTHM + 7" as the learning value GDVTH. It is to be noted that the compensation value y is a value for restricting the allowable limits
(upper limit value) of the learning value GDVTH. That
is, learning of the learning value GDVTH is restricted by
the value obtained by adding the compensation value j
to the stored learning value GDVTHM, which has been
learned when the value of the target displacement angle
VTT was out of the range "55 to 60 degrees CA". The
above are the detailed contents of step 300.
In this embodiment, it is assumed that when the value of the target displacement angle VTT lies within the
range of "zero to 5 degrees CA", which is close to the
most retarded angle, the VVT 25 does not move due to
a mechanical restriction, and the ECU 80 thus inhibits
the learning of the sustaining duty learning value GDVTH when the value of the target displacement angle
VTT is in that range. When the value of the target displacement angle VTT is close to "zero degrees CA", the
limit in the most retarded direction, therefore, the learning of the learning value GDVTH is not performed.
Generally speaking, when the value of the target
displacement angle VTT is close to "zero degrees CA",
the ring gear 48 in the VVT 25, which is controlled according to that value, is at one end position of its travel
range so that the VVT 25 becomes temporarily inoperable due to a mechanical restriction. This restriction
slightly varies depending on a productional variation of
the VVT 25 in use. Suppose that the end position in the
travel range of the ring gear 48 corresponds to "2 degrees CA," slightly deviated from "zero degree CA", the
target displacement angle VTT to which that end position should correspond.
If the value of the actual displacement angle VT (2
degrees CA) does not match with the value of the target
displacement angle VTT (zero degrees CA) before and
after the temporary halting of the VVT 25 due to a mechanical restriction, an erroneous sustaining duty learning value GDVTH may be learned based on this actual
displacement angle VT (2 degrees CA). In this embodiment, however, learning the learning value GDVTH is
inhibited when the value of the target displacement angle VTT is close to the most retarded angle. When the
VVT 25 temporarily becomes unmovable, an erroneous
learning value GDVTH is not learned and the phase of
the valve timing is not set to the improper phase by the
sustaining control. Therefore, the optimal learning control for the sustaining control can be executed in consideration of the possibility that the VVT 25 is unmovable
because of a mechanical restriction. In other words, the
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is paid to the prevention of engine misfire or engine stallvalve overlap, which should be minimized, will not being. In this case, the ECU 80 inhibits the learning of the
come unnecessarily large and the internal EGR of the
value GDVTH to give the first priority to the prevention
engine 1 will not increase unnecessarily. It is thus posof erroneous learning of the learning value GDVTH.
sible to prevent misfire or engine stalling from occurring
5
With regard to the content of the valve timing control
by a variation in the internal EGR in the engine 1.
in this embodiment, the action and advantages of the
According to this embodiment, when the value of
the target displacement angle VTT lies within the range
same structure as that of the first embodiment or the
of "55 to 60 degrees CA" which is close to the most adcorresponding structure in the routines in Figures 9 and
vanced angle, the learning of the sustaining duty learn11 are identical to those of the first embodiment.
Although only two embodiments of the present ining value GDVTH is restricted based on the sustaining 10
vention have been described so far, it should be apparduty learning value GDVTH (GDVTHM), which has been
learned when the value of the target displacement angle
ent to those skilled in the art that the present invention
VTT was out of the range "55 to 60 degrees CA". When
may be embodied in many other specific forms without
the value of the target displacement angle VTT is close
departing from the spirit or scope of the invention. Parto one allowable limit "60 degrees CA", the most ad- 's ticularly, it should be understood that this invention may
be embodied in the following forms in which the same
vanced angle, the learning of the learning value GDVTH
action and advantages as provided by the above two
is performed while this learning is restricted based on
embodiments are also obtained.
the effective learning value GDVTH, which has been
learned when the value of the target displacement angle
According to the above-described embodiments,
20 the valve overlap is changed by altering only the valve
VTT was off the range "55 to 60 degrees CA".
When the value of the target displacement angle
timing of the intake valve 8 by means of the VVT 25 proVTT is close to one allowable limit "60 degrees CA", the
vided at the cam shaft 10 on the air intake side. The VVT
ring gear 48 in the VVT 25, which is controlled according
may be provided at the cam shaft 11 on the exhaust side,
to that value, is at one end position of its movable range
so that the valve overlap is changed by altering only the
so that the VVT 25 becomes temporarily unmovable due 25 valve timing of the exhaust valve 9 by means of this VVT.
to a mechanical restriction. According to this embodiAlternatively, VVTs may be provided at the cam shafts
10 and 11 on both the air-intake side and exhaust side,
ment, the learning of the learning value GDVTH is permitted in such a degree that erroneous learning does
so that the valve overlap is changed by altering the valve
not progress unnecessarily under the condition that the
timings of the intake valve 8 and exhaust valve 9 by
VVT 25 is temporarily inoperable or that the value of the 30 means of those VVTs.
According to the first embodiment, when the VVT
target displacement angle VTT is close to "60 degrees
CA" in the most advanced angle direction. It is therefore
25 has recovered from a failure, the learning value GDVTH is initialized with the value of the drive duty ratio
possible to converge the value of the actual displacement angle VT to the value of the target displacement
DVT, which has been computed based on the initial val35
VTT
under
the
above
that
the
condition, so
angle
even
ue GDVTHI immediately before the recovery. The suscontrol
does
the
of
not
set
sustaining
improperly
phase
taining duty learning value GDVTH may be initialized
the valve timing. Therefore, the optimal learning control
with the initial value GDVTHI only when the VVT 25 is
for the sustaining control can be executed in considerrecovered from a failure. Alternatively, the learning valation of the possibility that the VVT 25 is unmovable beue GDVTH may be initialized with the learning value
cause of a mechanical restriction. That is, the valve 40 GDVTH that was learned to surely actuate the VVT 25
overlap, which should be maximized, will not become
immediately before the detection of a failure when the
VVT 25 is recovered from the failure.
unnecessarily small and the internal EGR of the engine
1 will not decrease unnecessarily. It is thus possible to
Steps 140 and 145 in the flowchart of the first emmake the best use of the internal EGR acquired by the
bodiment illustrated in Figure 9 may be omitted. Altervalve overlap control to thereby prevent engine emis- 45 natively, steps 117 and 118 in the same flowchart may
sions or the deterioration of fuel mileage.
be omitted. The valve timing control apparatus may be
According to this embodiment, when the valve timdesigned to simply control the valve timing regardless
of the valve overlap, instead of the above-described aping is controlled to the most advanced angle to acquire
the maximum valve overlap, attention is paid to the
paratus, which controls the valve overlap by controlling
emissions of the engine 1 or the deterioration of fuel so the valve timing.
mileage. The ECU 80 allows the learning of the value
According to the second embodiment, when the valGDVTH under a predetermined condition so that the value of the target displacement angle VTT is close to the
value of the most advanced timing or one allowable limit,
ue of the actual displacement angle VT is convergeable
the learning of the value GDVTH is permitted while reto the value of the target displacement angle VTT to a
certain precision. When it is less important to converge 55 stricting the learning process under a predetermined
the values of both parameters VT and VTT or when the
condition. Further, when the value of the target displacevalve timing is controlled to the most retarded timing to
ment angle VTT is close to the value of the most retarded angle or the other allowable limit, the learning of the
provide the minimum valve overlap, however, attention
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value GDVTH is inhibited. The apparatus may be modified in such a manner that when the value of the target
displacement angle VTT is close to the value of the most
retarded timing, however, the learning of the value GDVTH is permitted while restricting the learning process
under a predetermined condition. Alternatively, when
the value of the target displacement angle VTT is close
to the value of the most advanced angle, the learning of
the value GDVTH may be inhibited.

26

justing device (25) so as to decrease the period of
the valve overlap with respect to said maximum value.
5

3.

10

Claims
1. A valve timing control apparatus for an engine having an air intake passage (6) to introduce air to a 15
combustion chamber (4) and an air exhausting passage (7) to exhaust gas from the combustion chamber (4), said intake passage (6) and said exhausting
4.
passage (7) respectively having an intake valve (8)
and an exhaust valve (9), the valves (8,9) being al- 20
ternately opened and closed with a valve timing according to rotation of a cam shaft (10), which rotates
in synchronism with rotation of a crank shaft (la) of
the engine (1), wherein the valves (8,9) are simultaneously opened during a period of valve overlap, 25 5.
wherein the rotational phase of the cam shaft (10)
is selectively advanced or retarded with respect to
the rotational phase of the crankshaft (la) by an adjusting device (25) to adjust the valve timing of at
least one of the valves (8,9), wherein said adjusting so
device (25) is driven by hydraulic pressure supplied
from a hydraulic pump (29) and is tuned by a hy6.
draulic valve (55) which is controlled by a controller
(80) to converge the actual valve timing to a target
value computed by said controller based on a cur- 35
rent running condition of the engine (1) so that the
7.
period of valve overlap is varied within a range between a maximum value and a minimum value,
wherein said controller (80) includes a valve timing
sustaining means to sustain the valve timing when 40
substantially coincided with the target value, a determining means to determine an offset between the
actual valve timing and the target value when the
valve timing is sustained by the valve timing sustaining means for a predetermined time period, and 45
a calculating means to calculate a value of said offset to correct the valve timing so as to cancel the
8.
offset, characterized in
a means to evaluate the result of the sustaining control and to learn a current specific value (GD- so
VTH) so as to correct the result of the sustaining
control based on the evaluation.
9.
2. The apparatus according to Claim 1, characterized
in that said controller (80) is arranged to apply an 55
initial value for an initial computation of said current
specific value, wherein said initial value is stored by
said controller (80) and is preset to control the ad-

14

The apparatus according to Claim 1, characterized
in that said controller (80) determines, based on the
actual valve timing, a malfunction of the adjusting
device (25) or the hydraulic valve (55) such that the
valve timing is kept constant, wherein said controller (80) determines reconditioning of the adjusting
device (25) or the hydraulic valve (55) after said
malfunction based on the actual valve timing,
wherein said controller (80) initializes said current
specific value when the recondition after the malfunction is determined, and wherein said current
specific value is changed to a predetermined value
by the controller (80) when initialized.
The apparatus according to Claim 3, characterized
in that said predetermined value used for initializing
the current specific value is selected to improve the
control of the valve timing by said controller (80)
while said malfunction is reconditioned.
The apparatus according to Claim 1, characterized
in that said target value is variable within a predetermined range between an upper limit and a lower
limit, wherein the controller (80) disallows the computation of said current specific value when the target value is within said predetermined range.
The apparatus according to Claim 5, characterized
in that said target value within the predetermined
range is a value that retards the controlled valve timing to the limit thereof.
The apparatus according to Claim 1, characterized
in that said target value is variable within a predetermined range between an upper limit and a lower
limit, wherein said controller (80) restricts the computation of the current specific value, based on a
predetermined value, when the target value is within said predetermined range, and wherein said predetermined value is one of the current specific values computed by the controller (80) when said target value is out of said predetermined range.
The apparatus according to Claim 7, characterized
in that said target value within the predetermined
range is a value that advances the controlled valve
timing to the limit thereof.
The apparatus according to any one of the preceding Claims, characterized in that said valve timing
is adjustable between two limits, and wherein said
controller (80) controls the hydraulic valve (55) to
advance the valve timing of the intake valve (8) to
one of said limits so as to maximize the period of
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the valve overlap, and wherein said controller (80)
controls the hydraulic valve (55) to retard the valve
timing of the intake valve (8) to the other one of said
limits so as to minimize the period of the valve overlap.
10. The apparatus according to any one of the preceding Claims, characterized in that said adjusting device (25) includes:
a timing pulley (1 2) provided on said cam shaft
(10) for transmitting torque from the crank shaft
(1a) to the cam shaft (10);
a ring gear (48) coupling the cam shaft (10) to
the timing pulley (12) to cause a rotational
phase difference between the cam shaft (10)
and the timing pulley (12) based on the movement of the ring gear (48) in an axial direction
thereof; and
wherein said hydraulic pressure is applied to
said ring gear (48) from said hydraulic valve
(55) to position the ring gear (48).

raums einer Ventiluberlappung gleichzeitig geoffnet
sind, worin die Drehphase der Nockenwelle (10) in
bezug auf die Drehphase der Kurbelwelle (la) durch
eine Einstelleinrichtung (25) wahlweise vorgezogen oder verzogert wird, urn die Ventileinstellung
von wenigstens einem der Ventile (8, 9) einzustellen, worin die Einstelleinrichtung (25) durch einen
von einer Hydraulikpumpe (29) gelieferten Hydraulikdruck angetrieben wird und durch ein Hydraulikventil (55) eingestellt wird, das durch eine Steuereinrichtung (80) gesteuert wird, urn die tatsachliche
Ventileinstellung auf einen Zielwert hinzufuhren,
der auf der Grundlage eines gegenwartigen Laufzustandes des Motors (1) durch die Steuereinrichtung berechnet worden ist, so dal3 die Dauer der
Ventiluberlappung in einem Bereich zwischen einem maximalen Wert und einem minimalen Wert
geandert wird, worin die Steuereinrichtung (80) eine Einrichtung zum Unterstutzen einer Ventileinstellung aufweist, urn die Ventileinstellung zu unterstutzen, wenn sie mit dem Zielwert im wesentlichen
ubereinstimmt, worin sie eine Bestimmungseinrichtung aufweist, urn eine Verschiebung zwischen der
tatsachlichen Ventileinstellung und dem Zielwert zu
bestimmen, wenn die Ventileinstellung durch die
Einrichtung zum Unterstutzen einer Ventileinstellung fur einen vorgegebenen Zeitraum aufrechterhalten wird, und worin sie eine Berechnungseinrichtung aufweist, urn einen Wert der Verschiebung zu
berechnen, damit die Ventileinstellung so korrigiert
wird, dal3 die Verschiebung beseitigt wird,
gekennzeichnet durch
eine Einrichtung, urn das Ergebnis der unterstutzenden Steuerung auszuwerten und urn einen gegenwartigen, bestimmten Wert (GDVTH) zu lernen,
so dal3 das Ergebnis der unterstutzenden Steuerung auf der Grundlage der Auswertung korrigiert
wird.

5
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15

20

11. The apparatus according to any one of the preceding Claims, characterized in that said controller is 25
constituted of an electronic control unit (80) having
an input signal circuit (85), a memory (82,83,84), an
operation circuit (81) and an output signal circuit
(86).
30
12. The apparatus according to any one of the preceding Claims, characterized in that said current running condition of the engine (1 ) includes the rotation
speed of the crankshaft (1 a) detected by a first sensor (76), and the pressure in said air intake passage 35
(6) detected by a second sensor (73).
13. The apparatus according to claim 12, characterized
in that said controller (80) computes said target value based on said detected rotation speed of the
crank shaft (1a) and said detected pressure in the
intake passage (6).

40 2.

Patentanspriiche

45

1.

Ventilsteuervorrichtung fur einen Motor, der einen
LufteinlaBkanal (6) zum Zufuhren von Luft in eine
Verbrennungskammer (4) und einen LuftauslaBkanal (7) zum AusstoBen von Gas von der Verbrennungskammer (4) aufweist, wobei der EinlaBkanal
(6) und der AuslaBkanal (7) jeweils ein EinlaBventil
(8) und ein AuslaBventil (9) aufweisen, wobei die
Ventile (8, 9) mit einer Ventileinstellung gemaB einer Drehung einer Nockenwelle (10), die sich mit
einer Drehung einer Kurbelwelle (la) synchron
dreht, abwechselnd geoffnet und geschlossen werden, worin die Ventile (8, 9) wahrend eines Zeit-

so
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3.

Vorrichtung nach Anspruch 1, worin die Steuereinrichtung (80) so angeordnet ist, dal3 sie fur eine Anfangsberechnung des gegenwartigen, bestimmten
Wertes einen Anfangswert verwendet, worin der
Anfangswert von der Steuereinrichtung (80) gespeichert ist und voreingestellt ist, urn die Einstelleinrichtung (25) derartig zu steuern, dal3 der Zeitraum der Ventiluberlappung in bezug auf den maximalen Wert verringert wird.
Vorrichtung nach Anspruch 1, worin die Steuereinrichtung (80) auf der Grundlage der tatsachlichen
Ventileinstellung eine Funktionsstorung der Einstelleinrichtung (25) oder des Hydraulikventils (55)
feststellt, so dal3 die Ventileinstellung konstant gehalten wird, worin die Steuereinrichtung (80) auf der
Grundlage der tatsachlichen Ventileinstellung eine
Wiederinstandsetzung der Einstelleinrichtung (25)
oder des Hydraulikventils (55) nach der Funktions-

29

storung feststellt, worin die Steuereinrichtung den
gegenwartigen, bestimmten Wert initialisiert, wenn
die Wiederinstandsetzung nach der Funktionsstorung festgestellt worden ist, und worin der gegenwartige, bestimmte Wert durch die Steuereinrichtung (80) in einen vorgegebenen Wert geandert
wird, wenn er initialisiert worden ist.
4.

5.

Vorrichtung nach Anspruch 3, worin der vorgegebene Wert, der zum Initialisieren des gegenwartigen, bestimmten Wertes verwendet worden ist, von
der Steuereinrichtung (80) ausgewahlt worden ist,
urn die Steuerung der Ventileinstellung zu verbessern, wahrend die Funktionsstorung behoben worden ist.
Vorrichtung nach Anspruch 1, worin der Zielwert eine Variable in einem vorgegebenen Bereich zwischen einer oberen Grenze und einer unteren Grenze ist, worin die Steuereinrichtung (80) die Berechnung des gegenwartigen, bestimmten Wertes nicht
gestattet, wenn der Zielwert in dem vorgegebenen
Bereich liegt.

6.

Vorrichtung nach Anspruch 5, worin der Zielwert in
dem vorgegebenen Bereich ein Wert ist, der die gesteuerte Ventileinstellung bis an ihre Grenze verzogert.

7.

Vorrichtung nach Anspruch 1, worin der Zielwert eine Variable in einem vorgegebenen Bereich zwischen einer oberen Grenze und einer unteren Grenze ist, worin die Steuereinrichtung (80) die Berechnung des gegenwartigen, bestimmten Wertes auf
der Grundlage eines vorgegebenen Wertes einschrankt, wenn der Zielwert in dem vorgegebenen
Bereich liegt, und worin der vorgegebene Wert ein
Wert der gegenwartigen, bestimmten Werte ist, die
durch die Steuereinrichtung (80) berechnet worden
sind, wenn der Zielwert auBerhalb des vorgegebenen Bereichs liegt.

8.

9.

30
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Vorrichtung nach Anspruch 7, worin der Zielwert in
dem vorgegebenen Bereich ein Wert ist, der die gesteuerte Ventileinstellung zu ihrer Grenze beschleunigt.
Vorrichtung nach einem der vorhergehenden Anspruche, worin die Ventileinstellung zwischen zwei
Grenzen einstellbar ist und worin die Steuereinrichtung (80) das Hydraulikventil (55) derartig steuert,
dal3 die Ventileinstellung des EinlaBventils (8) einer
der Grenzen derartig vorauseilt, damit die Dauer
der Ventiluberlappung maximiert wird, und worin
die Steuereinrichtung (80) das Hydraulikventil (55)
derartig steuert, dal3 die Ventileinstellung des EinlaBventils (8) der anderen Grenze nacheilt, damit
die Dauer der Ventiluberlappung minimiert wird.

10. Vorrichtung nach einem der vorhergehenden Anspruche, worin die Einstelleinrichtung (25) folgendes aufweist:
s

eine Steuerriemenscheibe (12), die an der Nokkenwelle (10) vorgesehen ist, urn von der Kurbelwelle (la) zu der Nockenwelle (10) ein Drehmoment zu ubertragen;

10

ein Hohlrad (48) zum Verbinden der Nockenwelle (10) mit der Steuerriemenscheibe (12),
urn auf der Grundlage der Verschiebung des
Hohlrades (48) in eine Achsrichtung davon zwischen der Nockenwelle (10) und der Steuerriemenscheibe (12) eine Drehphasendifferenz zu
verursachen; und

15

20

worin der Hydraulikdruck von dem Hydraulikventil (55) an das Hohlrad (48) angelegt wird,
urn das Hohlrad (48) zu positionieren.

11. Vorrichtung nach einem der vorhergehenden Anspruche, worin die Steuereinrichtung von einer
elektronischen Steuereinheit (80) gebildet wird, die
25
eine Eingangssignalschaltung (85), einen Speicher
(82, 83, 84), eine Steuerschaltung (81) und eine
Ausgangssignalschaltung (86) aufweist.
12. Vorrichtung nach einem der vorhergehenden Anspruche, worin der gegenwartige Laufzustand des
Motors (1) die Drehzahl der Kurbelwelle (1a), die
von einem ersten Sensor (76) erfaBt worden ist, und
den Druck in dem LufteinlaBkanal (6), der von einem zweiten Sensor (73) erfaBt worden ist, beinhal35
tet.
30

13. Vorrichtung nach Anspruch 12, worin die Steuereinrichtung (80) auf der Grundlage der erfaBten Drehzahl der Kurbelwelle (1a) und des erfaBten Druckes
40
in dem EinlaBkanal (6) den Zielwert berechnet.
Revendications
45 1. Dispositif de commande du calage de la distribution
destine a un moteur comportant un passage d'admission d'air (6) afin d'introduire de I'air dans une
chambre de combustion (4) et un passage d'evacuation d'air (7) afin d'evacuer les gaz hors de la
so
chambre de combustion (4), ledit passage d'admission (6) et ledit passage d'evacuation (7) comportant respectivement une soupape d'admission (8)
et une soupape d'echappement (9), les soupapes
(8, 9) etant ouvertes et fermees en alternance sui55
vant un calage correspondant a la rotation d'un arbre a cames (10), lequel tourne en synchronisme
avec la rotation d'un vilebrequin (la) du moteur (1),
dans lequel les soupapes (8, 9) sont ouvertes si-
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multanement pendant une periode de croisement
en cours est modifiee en une valeur predeterminee
des soupapes, dans lequel la phase en rotation de
par le controleur (80) lors de ('initialisation.
I'arbre a cames (1 0) est avancee ou retardee selectivement par rapport a la phase en rotation du vile4. Dispositif selon la revendication 3, caracterise en
ce que ladite valeur predeterminee utilisee pour inibrequin (la) grace a un dispositif de reglage (25) s
tialiser la valeur particuliere en cours est selectiondestine a regler le calage d'au moins I'une des sounee de facon a ameliorer la commande du calage
papes (8, 9), lequel dans ledit dispositif de reglage
de la distribution par ledit controleur (80) pendant
(25) est entraTne par une pression hydraulique dele retour a I'etat fonctionnel apres ladite defaillance.
livree par une pompe hydraulique (29) et est pilote
par un distributeur hydraulique (55) qui est com- 10
mande par un controleur (80) afin de faire conver5. Dispositif selon la revendication 1, caracterise en
ce que ladite valeur cible est variable a I'interieur
ger le calage reel de la distribution vers une valeur
cible calculee par ledit controleur sur la base d'une
d'une plage predeterminee entre une limite supecondition de fonctionnement en cours du moteur (1 )
rieure et une limite inferieure, dans lequel le controde facon que la duree du croisement des soupapes 15
leur (80) desactive le calcul de ladite valeur partisoit amenee a varier a I'interieur d'une plage entre
culiere en cours lorsque la valeur cible est a I'intevaleur
maximum
rieur de ladite plage predeterminee.
valeur
dans
et
minimum,
une
une
lequel ledit controleur (80) comprend un moyen de
maintien du calage de la distribution destine a main6. Dispositif selon la revendication 5, caracterise en
tenir le calage de la distribution lorsqu'il coincide 20
ce que ladite valeur cible a I'interieur de la plage
predeterminee est une valeur qui retarde le calage
pratiquement avec la valeur cible, un moyen de decommande de la distribution jusqu'a la limite de cetermination destine a determiner un decalage entre
lui-ci.
le calage reel de la distribution et la valeur cible lorsque le calage de la distribution est maintenu par le
moyen de maintien du calage de la distribution pen- 25 7. Dispositif selon la revendication 1, caracterise en
dant un intervalle de temps predetermine, et un
ce que ladite valeur cible est variable a I'interieur
d'une plage predeterminee entre une limite supemoyen de calcul destine a calculer une valeur dudit
rieure et une limite inferieure, dans lequel ledit condecalage afin de corriger le calage de la distribution
troleur (80) restreint le calcul de la valeur particuliede maniere a annuler le decalage, caracterise par
re en cours, sur la base d'une valeur predeterminee,
un moyen destine a evaluer le resultat de la 30
commande de maintien et a apprendre une valeur
lorsque la valeu r cible est a I'interieur de ladite plage
particuliere en cours (GDVTH) de maniere a corripredeterminee, et dans lequel ladite valeur predeterminee est I'une des valeurs particulieres en cours
ger le resultat de la commande de maintien sur la
base de revaluation.
calculees par le controleur (80) lorsque ladite valeur
35
cible est hors de ladite plage predeterminee.
caracterise
selon
la
revendication
1
en
Dispositif
,
8. Dispositif selon la revendication 7, caracterise en
ce que ledit controleur (80 ) est concu de facon a
appliquer une valeur initiale pendant un calcul initial
ce que ladite valeur cible a I'interieur de la plage
de ladite valeur particuliere en cours, dans lequel
predeterminee est une valeur qui avance le calage
ladite valeur initiale est memorisee par ledit contro- 40
commande de la distribution jusqu'a la limite de celeur (80) et est preetablie afin de commander le dislui-ci.
positif de reglage (25) de maniere a faire diminuer
la duree du croisement des soupapes par rapport a
9. Dispositif selon I'une quelconque des revendicaladite valeur maximum.
tions precedentes, caracterise en ce que ledit cala45
ge de la distribution peut etre regie entre deux limiDispositif selon la revendication 1, caracterise en
tes, et dans lequel ledit controleur (80) commande
le distributeur hydraulique (55) afin de faire avancer
ce que ledit controleur (80) determine, sur la base
du calage reel de la distribution, une defaillance du
le calage de la soupape d'admission (8) jusqu'a la
dispositif de reglage (25) ou du distributeur hydraupremiere de I'une desdites limites de maniere a
maximiser la duree du croisement des soupapes,
lique (55) telle que le calage de la distribution est so
maintenu constant, dans lequel ledit controleur (80)
et dans lequel ledit controleur (80) commande le
determine le retour a I'etat fonctionnel du dispositif
distributeur hydraulique (55) de facon a retarder le
de reglage (25) ou du distributeur hydraulique (55)
calage de la soupape d'admission (8) jusqu'a I'autre
ladite
defaillance
la
base
du
reel
desdites limites de maniere a minimiser la duree du
sur
calage
apres
de la distribution, dans lequel ledit controleur (80) 55
croisement des soupapes.
initialise ladite valeur particuliere en cours lorsqu'un
10, Dispositif selon I'une quelconque des revendicaretour a I'etat fonctionnel apres la defaillance est
tions precedentes, caracterise en ce que ledit disdetermine, et dans lequel ladite valeur particuliere
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positif de reglage (25) comprend :
une poulie de distribution (12) disposee sur ledit arbre a cames (10) afin de transmettre le
couple provenant du vilebrequin (la) a I'arbre a
cames (10),
une couronne dentee (48) accouplant I'arbre a
cames (10) a la poulie de distribution (12) de
facon a provoquer une difference de phase en
rotation entre I'arbre a cames (10) et la poulie
de distribution (1 2) sur la base du deplacement
de la couronne dentee (48) suivant la direction
axiale de celle-ci, et
dans lequel ladite pression hydraulique est appliquee a ladite couronne dentee (48) par ledit
distributeur hydraulique (55) afin de positionner
la couronne dentee (48).
11. Dispositif selon I'une quelconque des revendications precedentes, caracterise en ce que ledit controleur est constitue d'une unite de commande electronique (80) comportant un circuit de signaux en
entree (85), une memoire (82, 83, 84), un circuit de
traitement (81) et un circuit de signaux en sortie
(86).
12. Dispositif selon I'une quelconque des revendications precedentes, caracterise en ce que ladite condition de fonctionnement en cours du moteur (1)
comprend la vitesse de rotation du vilebrequin (la)
detectee par un premier capteur (76), et la pression
dans ledit passage d'admission d'air (6) detectee
par un second capteur (73).
13. Dispositif selon la revendication 12, caracterise en
ce que ledit controleur (80) calcule ladite valeur cible sur la base de ladite vitesse de rotation detectee
du vilebrequin (la) et de ladite pression detectee
dans le passage d'admission (6).
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